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".E ACHIEVZFJLENT OF SPACE: VALUES AND DIR3CTIONS 

I n t r z d u z t i o n  

I4y a s s o c i a t i o n  with aeronaut ics  and space exp lo ra t ion  has 
no t ,  by astronomical  time, been long, bu t  it has spanned t h e  
whole o f  my a d u l t  l i f e .  I have shared i n  the  rare p r i v i l e g e  
and oppor tuni ty  ol" n o t  o n l y  witnessirig, but park ic lpa th ig  i r i  
t h e  v a s t  and bewildering changes that  have moved these f ie lds  
i n  a s h o r t  twenty-five years .  
from Mount Palomar t o  Mariner, the  d i s t ance  t r ave r sed  by the 
mind of man r e q u i r e s  new yards t icks .  We seem t o  have moved 
toward a new sense of human capabilities, xhere imagination 
a lone ,  and not  tec,Lsnology o r  envimnment, i s  the l i m i t i n g  f a c t o r .  
It has been an  e x c i t i n g  period -- and the o u t l i n e s  of the fo re -  
seeable f u t u r e  are a l ready  sketched i n  designs t ha t  arouse 
astonishment and even awe. 

From the P-38 t o  Apollo, o r  

The change and rate of change i n  the  aeronaut ic  and space 
c a p a b i l i t y  of the na t ion  and the world i s  almost i n e v i t a b l y  
descr ibed  in terms of the machiries t h a t  r e f l e c t  the technologica l  
advances o r  breakthroughs. But t h e  machines a r e  designed, bu i l t ,  
tested, and operated by men, and it  i s  men who, a t  the bench o r  
a t  the desk, a r e  respons ib le  f o r  the new product of' these  ad- 
vances. That new product i s  knowledge, which, when d i r e c t e d  
and i n t e g r a t e d  and focused through the l e n s  of man's mind, 
becomes power. 
what condi t ions ,  have broughtus so r ap id ly  t o  t h e  p re sen t  from 
a r e c e n t  past t ha t  a l ready  looks a century o l d ?  

Goddard, was one. Another of these men, who made great c o n t r i -  
bu t ions  t o  the  development for  s c i e n t i f i c  and u s e f u l  purposes 
o f  the new technology that Dr .  Goddard brought i n t o  being, was 
D r .  Hugh L. Dryden. Both understood that t h e i r  work was a 
beginning and door t o  the f'uture, and both recognized that the 
greatest  values  were no t  t o  be found i n  the s c i e n t i f i c  and 
engineer ing  achievements pe r  se but  would r e s i d e  i n  the uses  t o  
which these would be pu t  by t h e  r e s t l e s s  and c r e a t i v e  minds that  
could grasp t h e i r  f u l l e s t  impl ica t ions .  

What kind o f  men, working t o  what ends and under 

The man i n  whose honor t h i s  l e c t u r e  i s  given, Dr. Robert H. 

-over- 
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The h i s t o r y  o f  NASA r c f l c c t s  much o f  D r .  Dryden's under- 
s tanding  of  how progress can be made LL:IC? what the condi t ions  
a r e  t h a t  produce 2 f f e c t i v e  responses t o  the  challznges being 
faced. A p i v o t a l  concept t h a t  has guided IJASA admin i s t r a t ion  
has  been that of the r e l a t i o n  of' t k w  research  and development 
p r o j e c t  t o  the  many r ap id ly  growing d i s c i p l i n e s  o f  sc ience  
and technology. A p r o j e c t  serves  a la rger  purpose than i t s  
own defined immediate ends.  A p r o j e c t . i s  a discipl i r ied and 
organized e f ' r o r t  d i r e c t e d  t o  a speclf ' ic ob jec t ive ;  one of' i t s  
p r i n c i p a l  c h a r a c t e r i s t i c s  i s  t h a t  I t  has a schedule. 
a p r o j e c t  provides a c r e a t i v e  and d r iv ing  force  i n  the t o t a l  
advancement of' sc ience,  englneering, anci teclino1,ogy. A p r o j e c t  
genera tes  demands upon these d i s c i p l i n e s ,  r equ i r ing  t h a t  pro- 
'blems be solved. 
t h a t ,  in the long ruri, c r e a t e s  d i s c i p l i n a r y  values t h a t  transcend 
t h e  r e t u r n  f r o m  the successfu l  acl-ievement c.f the  project;  i t s e l f .  

The t r a n s l a t i o n  o f  t h l s  concept i n t o  the p r a c t i c a l  r e a l i t i e s  
of productive research  arid developmerit r equ i r e s  what may be 
looked upon as a new, o r  a t  l eas t  a very r a r e ,  dimension o f  
human e f f o r t .  The increased knowledge and c a p a b i l i t y  i n  many 
f i e l d s  i s  permit t ing man t o  conduct major experiments and ex- 
p l o r e  whole regions OP the universe ,  bu t  only when a l l  d i s c i p l i n e s  
a r e  appropr ia te ly  considered arid wei.ghed. This, then, i s  the  
dichotomy: 
the  one hand and b e t t e r  c o r r e l a t i o r ~  of' many d i s c i p l i n e s  on the  
o the r .  The new age i s  demanding a q u a l i t y  of "wholeness", o r  
e n t i t y ,  i n  the men who lead i t .  Dr. Dryden i s  perhaps the  
archetype o f  t h a t  I'whole" man, who could i n t e g r a t e  the  d i s -  
c i p l i n e s  o f  science,  technology, and adminis t ra t ion  i n t o  an 
important p a t t e r n  o f  major -- arid measured -- decis ions .  

P r o j e c t  Planning 

progress  i s  acce le ra t ed  by the s e l e c t i o n  of s u i t a b l e  s p e c i f i c  
p r o j e c t s .  
new type of power suppl.y, an advanced propulsion system, o r  an 
e l e c t r o n i c  navigat ion system f o r  long-duration f l i g h t s .  Other 
p r o j e c t s  requi re  f l i g h t  missions t o  ga the r  newly sought s c i e n t i f i c  
d a t a  o r  t o  develop ope ra t iona l  systems. 
w i l l  iricvibably satisi 'y a v a r i e t y  o f  goals ,  and the s e l e c t i o n  
process  must weigh the r e l a t i v e  values o f  the var ious p r o j e c t  
a l t e r n a t i v e s .  I will r e t u r n  t o  t h i s  s e l e c t i o n  process  i n  the  
l a t t e r  p a r t  of' t h i s  paper. 

A s  such, 

These demands i n  t u r a  generate  a momentum 

the  requirement f o r  increased d e t a i l e d  knowledge on 

A s  understood by D r .  Dryden, s c i e n t i f i c  and technologica l  

A p r o j e c t  may involve the labora tory  t e s t i n g  of a 

I n  any event,  a p r o j e c t  

The character  of' a p r o j e c t  i s  famil iar  t o  a l l .  It s ta r t s  

Some o f  the ideas  of' D r .  Goddard were expressed i n  

The 

with an imaginative idea  and the  inne r  d r i v e  t o  p e r f e c t  and t e s t  
t h i s  idea .  

which was published by the  Smithsonian I n s t i t u t e  i n  1919. 
a paper e n t i t l e d ,  " A  Method o f  Reaching Extreme Al t i tudes ,  I t  

f i r s t  f l i g h t  occurred 40 yea r s  ago tomorrow, on March 16, 1926, I 
I 
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on a farm i n  Auburn, Massachusetts, when a rocket  flew t o  an 
a l t i t u d e  of 41 f e e t  and t raveled a d is tance  of 184 f e e t .  
During the in te rvening  seven years, I am c e r t a i n  many approaches 
were inves t iga ted ,  many designs discarded,  and cmslderable 
time spent  j u s t i f y i n g  the value of the p r o j e c t  t o  the  skep t i c s  
of the  day. 

Today the  groundwork has  been l a i d  by D r .  Goddard and those 
who followed, bu t  t he  gene ra l  charac te r  of' each p r o j e c t  is  
similar. A concept leads t o  de t a i l ed  s tudy and ana lys i s .  Then 
experimental  equipment is  designed, b u i l t ,  and t e s t ed .  When 
p r a c t i c e  and theory arereasonably close,  f l i g h t  hardware can be 
designed. Then s u f f i c i e n t  equipment must be f ab r i ca t ed  f o r  
q u a l i f i c a t i o n  t e s t i n g  i n  the an t i c ipa t ed  space environment, 
f l i g h t  opera t ions  must be planned i n  depth, and f i n a l l y  the  
space vehic le  i s  launched and placed i n  operat ion.  But of course 
t h i s  i s  not  the f i n a l  aspec t  of the p ro jec t ,  f o r  data i s  rece ived  
from space that  e i t h e r  c o r r e l a t e s  wi th  theory,  or, when different, 
causes  the  theory t o  be re-examined. 

The p r o j e c t  team is composed of many skills and v a r i e s  i n  
number of personnel  as the  p ro jec t  advances from concept t o  
design,  t o  test, and a c t u a l  operat ion.  From p r o j e c t  i n i t i a t i o n  
t o  f l i g h t  is  seldom less than four t o  f i v e  years ,  and f o r  major 
p r o j e c t s  l i k e  Apollo w i l l  take e i g h t  t o  t e n  years .  The number 
of  people increase  slowly during t he  conceptual phase and pre- 
l iminary design phase, and reaches a maximum dur in  the design, 
f a b r i c a t i o n ,  and ground t e s t  phase. 
shows, the  number of people have decreased s u b s t a n t i a l l y  by the 
time the  first f l i g h t  occurs.  The Apollo p r o j e c t  i s  now a t  i t s  
peak l e v e l  of  some 3OO,OOO people. By t h i s  time next  year ,  
when we a r e  prepar ing  f o r  the  first Apollc Saturn V launching, 
i t  i s  est imated that the  personnel w i l l  be reduced t o  about 
200,000. 

A s  the c h a r t  'i Figure 1) 

When I state ca t egor i ca l ly  tha t  t h e r e  w i l l  be a c e r t a i n  
number o f  people on a p ro jec t ,  I am assuming near  e x c e l l e n t  
planning and leadership,  
ence that  unexpected d i f f i c u l t i e s  can develop that  r e q u i r e  
a d d i t i o n a l  manpower o r  longer  time, o r  both. 

The manpower required for  t he  p r o j e c t  i s  then a l t e r e d  i n  
comparison w i t h  t he  o r i g i n a l  es t imate  as shown on th i s  second 
c h a r t  (Figure 2) .  I n  research and development, c o s t s  are a 
v i r t u a l l y  d i r e c t  funct ion of  manpower; c o s t  increases  are, 
therefore ,  the r e s u l t  o f  more people being required f o r  the same 
task  o r  e l s e  the  same number o f  people f o r  a longer per iod.  

W e  know on the  basis of past experi- 
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One of t he  most  v i z i b l e  i n d i c a t o r s  of p r o j e c t  performance 
i s  the schedule, and s ince  the  t o t a l  c o s t  i s  r e l a t e d  t o  t h e  
p r  j e c t  durat ion,  schedule c h a r t s  a r e  reviewed a t  a l l  l e v e l s  
of NASA i n  varying degrees of de t a i l .  A t  monthly s t a t u s  re- 
views held by top  management of t he  agency t h e r e  i s  only time 
t o  check the est imated launch data for each p r o j e c t ,  wi th  
d e t a i l e d  reviews reserved for s p e c i a l  problem cases .  The e s -  
t imated launch date i s  p l o t t e d  month by month and the  a b i l i t y  
t o  hold t h i s  date i s  an important measure of the  p r o j e c t  l eade r -  
sh ip .  Idea l ly ,  the launch da te  remains cons tan t  and the  launch 
occurs  accorclin t o  plan,  as shown by t h e  s o l i d  curve on the  
c h a r t  (Figure 3 7 Oftentimes the re  i s  a t r end  away from the 
ideal,  w i t h  the  launch f o r e c a s t  s l i p p i n g  each month. Each 
p r o j e c t  i s  composed of thousands of i n d i v i d u a l  tasks, some con- 
ducted i n  s e r i e s ,  some i n  p a r a l l e l ,  so  that  the bases f o r  sch- 
edule  es t imates  a r e  u s u a l l y  determined by d i g i t a l  computers. 
However, the work is conducted by man, and when d i f f i c u l t i e s  
develop, the p r o j e c t  l eade r s  must e i t h e r  deploy a d d i t i o n a l  
manpower t o  the  problem a r e a s  or make changes i n  the t o t a l  
p r o j e c t  plan, or accept  delay.  Consequently, p r o j e c t  manage- 
ment i s  dynamic, with d i f f i c u l t  dec i s ions  the  r u l e  and n o t  
the  exception. 

L e t  me emphasize t ha t  t e c h n i c a l  performance can be degraded 
under t o o  great pressure  of time and c o s t .  At times, t h i s  
e f f e c t  may be secondary, but  primary t e c h n i c a l  and s c i e n t i f i c  
o b j e c t i v e s  must be met i n  s p i t e  of de lays .  Here 
again,  the  judgment o f  t he  management team i s  put  t o  t he  t e s t ,  
s ince  these  ma t t e r s  a r e  seldom black o r  white. 

Pro jec t  o b j e c t i v e s  are degraded when f e a s i b i l i t y  a s s e s s -  
ments a r e  t o o  o p t i m i s t i c  o r  when schedule and resource processes  
f o r c e  compromise. A p r o j e c t  plan r ep resen t s  the  management's 
judgment of t he  poss ib l e  and the probable, balancing t h e  risks 
o f  over-caution and pedes t r i an  accomplishment with the  
omnipresent r i s k  o f  over-optimism tha t  may lead  t o  f a i l u r e .  

Since ae ronau t i ca l  and space p r o j e c t s  r ep resen t  s u b s t a n t i a l  
investments and are of  major n a t i o n a l  importance, NASA has 
taken management a c t i o n  t o  improve the  accuracy o f  i t s  p lans  
and, as a consequence, t o  minimize r i s k .  The p r o j e c t  phases 
t h a t  I have previously descr ibed have been more p r e c i s e l y  def ined  
and our procurement a c t i o n s  have beerl related t o  these phases. 

F i r s t ,  w e  must reach a determinat ion t n a t  a s p e c i f i c  mission 
obJec t ive  i s  both v a l i d  and f e a s i b l e ,  and then d e t a i l  t he  
a l t e r n a t e  means o f  achieving that  ob jec t ive .  

Second, from s t u d i e s  and analyses  of these  a l t e r n a t e s ,  we 
must s e l e c t  t he  best s i n g l e  p r o j e c t  approach t h a t  w i l l  f i t  i n t o  
our program i n  terms of' resources ,  schedule,  and end r e s u l t s .  
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By c l e a r l y  spec i fy ing  the r e s u l t s  desired i n  each phase, 
and by holding up t he  i l i i t i a t i o n  02 -?olli=iti-on e f f o r t  u n t i l  
tnese results ilhve been pri>pe;.iy reviewed, budgeting and cie- 
cision-making can be g r e a t l y  irnpi'oved. 

Adminis t ra t ive Cons i d m a t  loris 

The p r o j e c t  l e a d s r s h i p  rmst hive no t  oilly a s l e a r  wider- 
stancri:*Lt; cf  ti:? objcct i i res  t o  bz achieved, but a l s ~  t h e i r  
r e s p o n s i b i l i t y  and a u t h o r i t y  mist b d  c l e a r l y  de l inza tcd .  No 
pro j z c t  t can  can G r  should bc given absolu te  autlmL-ity s i n c e  
laws, r e g u l a t h n s ,  and sound practice d i c t a t e  othersiise. 
However, thc g I F G J ; ; C t  teofri i i l U z t  1xnc:er::tnild t he  bnuridaries and 
know wnat information i s  expected! I'rcril t h e m  by other  program 
and Ruzctional a c t i v i t i e s .  A project team must opera te  wi th in  
the t o t a l  environment 03  t he  agency's across-the-board manage- 
ment structure. Deta i led  r egu la t ions  c o n t r o l  %he e n t i r e  
procurement cycle;  es t imates  of p ro jdc t  resource requirements 
must be developed i n  accordance w i t h  agency-wide opera t ing  plan 
and budget procedures; s t a tus  r epor t ing  r u s t  be prepared i n  
s tandard  formats. 

A s  an example, the  Administrator of NASA makes the  contrac-  
t o r  s e l e c t i o n s  on c o n t r a c t  awards o f  over $5,000,000. Other 
o f f i c i a l s  o f  NASA have, by regula t ion ,  varying degrees of  
a u t h o r i t y .  Procurement dec is ions  involve the approval  o f  t he  
ove r -a l l  plan,  the p repa ra t ion  of the  b i d  r eques t  for indus t ry ,  
the s e l e c t i o n  of an eva lua t ion  board, the review 02 proposa ls  
by the board, the p resen ta t ion  OZ t he  board f ind ings  t o  NASA 
management, t he  dec i s ion  t o  nego t i a t e  with one 01- more con- 
tractors, and, f i n a l l y ,  con t r ac t  d e f i n i t i o n .  A summary of t h e  
procedures and a u t h o r i t y  f'or thesz  p rocurmcn t  a c t i o n s  are shown 
i n  Figure 4. 
must stress the importance o f  keeping procedures o l  this type 
simple and s t ra ightforvrard.  Smondly,  each member of the 
o rgan iza t ion  must recognize t h a t  t h e i r  a c t i o n s  are t i m e - c r i t i c a l  
and must expedi te  the action even though not d i r e c t l y  responslble 
for the  p a r t i c u l a r  p r o j e c t .  

I w i l l  not  d i scuss  the  i n d i v i d u a l  ac t ions ,  but 

The manager of a p a r t i c u l a r  p r o j e c t  requires  a v a r i e t y  of  
information. H e  must keep posted on many schedules i n  a d d i t i o n  
to launch dates. H e  rnus'c follow design r e l e a s e s ,  f a c t o r y  
shipments, enviromnental tests, s t a t i c  t e s t s ,  and f a c i l i t y  con- 
s t r u c t i o n .  H e  must have data on the  spacec ra f t  and launch 



vehic le  conf igura t ions  t o  in su re  e l e c t r i c a l ,  hydraul ic ,  and 
mechanical compa t ib i l i t y  between the  two. Spacecraf t  tend 
t o  become heavier  as designs a r e  changed and he must keep the  
we igh t - l i f t i ng  c a p a b i l i t y  of' the launch vehic le  above t h e  
weight o f  the  spacecraf t .  He must have d e t a i l e d  information 
on the launch and o r b i t a l  opera t ions  t o  advise  the  range and 
t h e  world t r ack ing  and data a c q u i s i t i o n  network of t he  p r o j e c t  
requirements. He must keep h i s  c o s t  and budget c u r r e n t  s o  
t ha t  his yearly o b l i g a t i o n s  remain within au tho r i za t ion ,  and 
h i s  t o t a l  run-out c o s t s  wi th in  t o t a l  budget c o n s t r a i n t s .  Most 
i m p o r t a n t ,  he must be c e r t a i n  tha t  r e a l  anci p o t e n t i a l  t ech-  
nologica l  problems a r e  r ece iv ing  adequate a t t e n t i o n .  Data for 
these  purposes take many forms, i . e . ,  number and du ra t ion  of 
engine firings without i n s t a b i l i t y  o r  o t h e r  d i f f i c u l t y ,  angular  
d r i f t  of a g j r o  platform, component f a i l u r e s  of an e l e c t r o n i c  
c i r c u i t  undergoing environmental. t e s t ,  v i b r a t i o n  modes 01' a 
launch vehicle  s t r u c t u r e  i n  f r e e  suspension. 

Under the t op ic  of  p r o j e c t  management and information, t he re  
a r e  seve ra l  p o i n t s  tha t  can be made s t rong ly ,  Birst i s  that 
a l l  information used i n  the  decision-making process  must be 
t he  same a t  each l e v e l  where the  dec is ions  are being c a r r i e d  out .  
T h i s  can only hold t r u e  i f '  those who generate  the data and those 
who use i t  have mutual confidence and t r u s t  both i n  t he  data 's  
accuracy and i n  the  use to which the information w i l l  be put .  
Standardized con t r ac to r  r e p o r t s  are o f t en  the  raw inpu t s  of 
such an information system, but we have learned t o  d i s t i l l  and 
p resen t  management information on a r egu la r  and meaningful basis 
that provides the  opportuni ty  f o r  e f f e c t i v e  monitoring, review, 
and decision-making a t  every l e v e l  within the t o t a l  o rganiza t ion .  
A c r i t i c a l  l esson  t h a t  has been learned i s  that  t h e r e  must be 
room for management judgment when using the system, and a means 
of  focusing on only key i s s u e s  r a t h e r  than upon masses of raw 
dat;t. Another po in t  t ha t  can be made i s  that only u s e f u l  
information needs t o  be generated; the  Apollo Data Management 
System, for example, by c a r e f u l l y  reviewing the  use t o  which 
the  generated information i s  put ,  has been ab le  to reduce the  
ou tpu t  by 3276. 

F ina l ly ,  t h e r e  i s  s t i l l  no s u b s t i t u t e  for human competence, 
j u s t  as t h e r e  was no s u b s t i t u t e  when D r .  Goddard launched h i s  
f i rs t  rocket .  There must be competence a t  a l l  l e v e l s  of  the 
government-industry-university operat ion.  S p e c i f i c a l l y ,  the 
p r o j e c t  management team i n  government must have wi th in  it 
ind iv idua l s  with s k i l l s  matching the  jobs t o  be accomplished. 
A p r o j e c t  team must have a l l  the  s c i e n t i f i c ,  engineering, and 
admin i s t r a t ive  c a p a b i l i t i e s  requi red  t o  make the dec i s ions  
appropr ia te  to t he  r e s p o n s i b i l i t y  ass igned.  Prcjjects a r e  managed 
from NASA centers ,  no t  Headquarters, with t h i s  requirement i n  
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m i n d .  
a c t i v i t y ,  a reasohable  proport ion of in-house a c t i v i t y  within 
the Centers  must be focused 
t e c h n i c a l  matters t o  sharpen our management competence as w e l l  
as t o  produce s i g n i f i c a n t  r e s u l t s .  

Although over 90% of NASA's budget covers con t r ac to r  

on chal lenging s c i e n t i f i c  and 

Present  Experience 

Each NASA progect  has primary and secondary objec t ives .  
A mission i s  lo@ successf 'ul  when a l l  primary ob jec t ives  a r e  
acheived and is  a f a i l u r e  (0%) unless  all primaries  a r e  achieved. 
There a r e  no p a r t i a l  successes  i n  t h i s  scoring. It can be seen 
from Figure 5 that  the percentage of success  has r i s e n  from zero 
i n  1958, when four  f a i l u r e s  occurred, t o  80-858 during the  l as t  
t h r e e  years .  Mission success  i s  reviewed on a cumulative basis 
a t  the  monthly top  inanagement s t a t u s  reviews. Last year's 
record,  shown i n  Figure 6, was 23 successes  out  of 28 at tempts ,  
o r  82%. The ind iv idua l  p ro jec t s  a r e  l i s t e d  along the  bottom 
of  the p l o t  i n  the  o rde r  i n  which they were launched. It is  
impor tan t  t o  recognize that the nuxber attempted, 28, was less 
than the number planned f o r  1965, because of schedule delays.  
Thi r ty- f ive  launches had o r i g i n a l l y  been planned f o r  1955. 
However, w e  were g r a t i f i e d  that the  G e m i n i  program had planned 
f o u r  manned flights and a c t u a l l y  improved on the  schedule, 
thereby  permit t ing the launching of f i v e  f l i g h t s ,  including 
the o r i g i n a l l y  unscheduled rendezvous o f  Gemini 6 w i t h  Gemini 7 
las t  December. 

- 

We a r e  learn ing  t o  conduct ground and f l i g h t  missions 
success fu l ly  and on schedule and within cos t .  "his e f f o r t  i n  
the  past e i g h t  yea r s  has broadened our understanding of  the 
universe  and provided new technology that  i s  already f ind ing  
i t s  way i n t o  important appl ica t ions .  W e  have increased our  
understanding of' meteorology and world-wide weather patterns, 
the  composition of  the upper atmosphere and i t s  r e l a t i o n  t o  
s o l a r  events ,  the  v a r i a t i o n  i n  the magnetic f i e l d s  and r a d i a t i o n  
b e l t s  about the  earth, the  a c t i v i t y  of the sun and t h e  manner 
i n  which r a d i a t i o n  i s  propagated from the sun, the topography 
of  the moon, the  temperature of Venus, and the atmospheric and 
su r face  condi t ions of  Mars, by making measurements no t  poss ib l e  
on e a r t h .  W e  have developed new rocke t  motors, new power 
sources ,  new ma te r i a l s ,  s p e c i a l  instruments ,  new methods of 
nav iga t ioa  and cont ro l ,  improved world-wide t racking  and data 
processing.  These technologies  are required f o r  the  continuLng 
s c i e n t i f i c  i nves t iga t ion  i n  space and also a r e  d i r e c t l y  
app l i cab le  t o  a h o s t  of new systems, includlng s a t e l l i t e s  f o r  
weather forecas t ing ,  communicaticns, navigat ion,  and t r a f f i c  
con t ro l .  It i s  not  the purpose of t h i s  paper -Lo descr ibe  i n  
d e t a i l  these r e s u l t s  but  r a t h e r  t o  d i scuss  what we have l e a r n e d '  
from the  management o f  these  endeavors. 



Management i s  tile business  of reviewing data, cons ider ing  
a l t e r n a t i v e s ,  and making dec is ions .  It i s  here  t ha t  the space 
program cxperiencc has something t o  o f f e r  i n  the  na tu re  o f  a 
lesson ,  l o r  we have been, i n  the largest sense,  witnessing 
n o t  only the execut ion of  a success fu l  r e sea rch  and development 
program, but  at the  same time, the growth of  an organiza t ion  
under near - labora tory  condi t ions .  The management experiment is, 
of course, d e l i c a t e ;  the very process  o f  observing it  w i l l  a f -  
f e c t  t h e  r e s u l t s .  And t h i s  i s  p a r t i c u l a r l y  t r u e  when the  
observer  i s  p a r t  o f  t h e  experiment i t s e l f .  However, t h e r e  are 
s e v e r a l  u s e f u l  gene ra l i za t ions  that have s o l i d  support  i n  the 
h i s t o r y  and experience of  the  space program, and these  may be 
o f  more enduring value -- if understood and appl ied  -- than 
many of' the  t r a n s i e n t  accomplishments u s u a l l y  a s soc ia t ed  with 
r e sea rch  and development a c t i v i t i e s  . 
f i n a l l y  come i n  any a n a l y s i s  o f  values  and i t  i s  by man t h a t  
any achievement i s  judged. It is ,  the re fo re ,  for him t o  examine 
wi th  some c a r e  the i n t e r a c t i o n  o f  men and ob jec t ives  i n  the  
conduct of  a guided e n t e r p r i s e .  

For i t  i s  t o  man t h a t  we - 

Since the  b e s t  l essons  a r e  taught  by p r a c t i c e ,  r a t h e r  than 
theory ,  arid s ince  mistakes a r e  o f t e n  the  s u r e s t  guides  t o  
co r rec t ion ,  case s t u d i e s  a r e  u s e f u l  t o o l s  of  comunica t ion .  
The NASA experience i s  fa r  Prom complete, and the re  a r e  assuredly  
many imperfectLons i n  the a r t s  ol" management yet to be revealed.  
Severa l  hard fundamentals, however, have been learned through 
t r i a l  and e r r o r  or t ransf ' e r  f rom p a r a l l e l  undertakings.  
Ult imately,  e f f e c t i v e  execution of  a t o t a l  r e sea rch  and develop- 
ment program, made up of many component p roJec t s  that  a r e  
supported by, arid feed i n t o ,  the l'or.wm?d-flowing stream of  
sc ience  and technology, must rest upoir the  success fu l  syn thes i s  
of  the  p a r a l l e l  d i s c i p l i n e s  o f  sc ience ,  engineering, technology, 
and admin i s t r a t ion  and i t s  t r a n s l a t i o n  i n t o  c o r r e c t  ope ra t ing  
dec is ions .  

There i s  no d i f f i c u l t y  i n  e x t r a c t i n g  from the dynamic and 
rap id ly  evolving program of aeronaut ic  and space exp lo ra t ion  a 
catalog o f  problems and, through a p p l i c a t i o n  of hinds ight ,  a 
complementary l i s t  o f  textbook so lu t ions .  Unfortunate l y  , 
h i s t o r y  i s  n o t  r e p e t i t i v e .  The q u a l i t y  o f  sameness" t ha t  
permits  i n d u s t r i a l  mass productioi: and tha t  i s  one o f  t he  great 
n a t i o n a l  s t r e n g t h s  i s  anathema t o  r e sea rch  and development. 
The d i f f i c u l t y  l i e s  i n  categorLzing pas t  problems meaningfi l ly  
to permit non-rote learn ing .  Under the broad t i t l e  o f  manage- 
ment d i s c i p l i n e ,  the NASA problem-and-solution experience can 
be viewed as providing i n s i g h t s  i n t o  planning, organiza t ion ,  
information, and the role of people i n  the  research  arid develop- 
ment process ,  

1 1  
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Six r ep resen ta t ive  p r o j e c t  problems, not  all o f  which 
have been solved as of t h i s  moment, a r e  good examples of the  
kind of experience from which usei’ul management genera l iza-  
tions caxx be drawn. 

S t r u c t u r a l  amics Early i n  the program, a launch 
v e h i c ’ l e - s p a c e c r ~ ~ c o ~ b ~ a t i o n  exploded 60 seconds a f t e r  l i f t -  
of f .  S u b s t a n t i a l  photographic and technologica l  da ta  were 
a v a i l a b l e  Tor tine ensuing i n v e s t i g a t i o n  t i a t  was conducted 
j o i n t l y  by NASA and DOD. The propuls ion system appeared normal, 
and s i n c e  the  acc ident  occurred near  maximum dynamic pressure,  
i t  w a s  f e l t  that  aerodynamic loading cont r ibu ted  t o  t he  failure. 
S t a t i c  fo rces  appeared i n s u f f i c i e n t  t o  cause the  damage; con- 
sequent ly ,  the  f l i g h t  was simulated mathematically, taking 
i n t o  account a l l  known dynamic e f f e c t s  including s t r u c t u r a l  
bending, con t ro l  system performance, and estimated atmospheric 
turbulence.  From th is  inves t iga t ion ,  i t  appeared that the  
launch vehic le  adapter  s ec t ion  had i n s u f f i c i e n t  r i g f d i t y .  The 
adapter w a s  strengthened and a l l  later f l i g h t s  were successfu l .  

Propulsion A r e l i a b l e  propulsion system was modified f o r  
mul t lp l e  restart i n  space. The modified system was t e s t e d  i n  
s p e c i a l  ground f a c i l i t i e s  t h a t  simulated high a l t i t u d e  but  no t  
t he  t r u e  space environment. The r e s u l t s  appeared s a t i s f a c t o r y ,  
bu t  the system f a i l e d  c a t a s t r o p h i c a l l y  during the  f irst  t e s t  
i n  space. Telemetry confirmed the  f a i l u r e ,  but  d i d  not  r e v e a l  
t h e  cause. Most of the changes made in t he  o r i g i n a l  and r e -  
l i a b l e  system have been eliminated and the propulsion system 
has s u c c e s s f i l l y  undergone extensive ground t e s t i n g .  

Switch I n  one important space mission, c e r t a i n  t e l e -  
v i s i o n  equip%nt could not  be ac tua ted  a t  the c r i t i c a l  time. 
The te lemet ry  data was i n s u f f i c i e n t  t o  p inpoin t  t he  exact  cause, 
altfiough s e v e r a l  f a i l u r e  modes were hypothesized. 
review of  the records of tne  pre-launch t e s t s  i nd ica t ed  tha t  
i n c i p i e n t  weahesses  i n  the spacecraf t  c i r c u i t r y  would n o t  have 
been ev ident  under the  t e s t  procedures a c t u a l l y  employed. 
Design changes were made in  the next  spacec ra f t  t o  remedy each 
of t he  suspected f a i l w e  modes and a program of ground t e s t i n g  
- a s  i n s t i t u t e d  which focused c l o s e r  a t t e n t i o n  t o  o v e r a l l  systems 
ope ra t ion  under simulated mission condi t ions.  The modified 
spacec ra f t  s u c c e s s f i l l y  completed these more r igorous ground 
t e s t s  and subsequently made a kighly successful space f l i g h t .  

P o s t - f l i g h t  
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Horizon Sensor. The performance of oyie of NASA’s large 
s c i e n t i f i c  s a t e l l i t e s  which r equ i r ed  an a c t i v e  three-axis  
s t a b i l i z a t i o n  system was s e r i o u s l y  degr*aG.Cd ?;y t h e  :incxpected 
s e n s i t i v i t y  oi’ its ear th-seeking horizon scaniners to c o l d  
c?./)~lds,, The c o n t r o l  system for t h i s  s p c c c r a f t  was desig;ried 
JL,L scan t h c  ec!>.rtlz’s i n f r a - r ed  spec t rxz  a:;c’. to then t r a c k  t h e  
ear th’s  horizoci as determined b y  the difi’eri;nce ’uetweer.i t h e  
co1.d of ou.teri space arid t h e  heat of’ t h e  eai.tlz. S h o r t l y  a f t e r  
launch, i c  xa:; discovered thab  hizh a!.ti’2;.de c o l d  c l o ~ r d s  d i s -  
t o r t e d  the in f r a - r ed  spectrum and ca!ised the spacec ra f t  t o  es -  
t ab l i sh  and. f;rack a f a l s e  horizon. The encouriter with co ld  
clouds gerier’ally occumed during passes over t h e  t r o p i c  reg ions  . 
Yellowing each encounter, t h e  spacec ra f t  sought t o  r e - e s t a b l i s h  
+;he t r u e  horizon. T h i s  r e s u l t e d  i n  a n  excessive usage of the 
s;i.:rored cox t ro l  gas and l i m i t e d  the pe r iod  ai’ s t a b l i z e d  l i f e -  
L i m e  to less than  t e n  days,  Laboratory tests have now proven 
‘Zi2.t t h i s  proinler:; can be  solved by decreasi1:g t h e  scanrierls 
s e n s i t i v i t y  t o  cold clouds and biasing t h e  t r ack ing  scan 
towards space. 

Configuration Control. I n  t he  case of another  major 
satell_.:-’.;:. projec’;, t he  p r o j e c t  team m,s tiealing f o r  t h e  f i r s t  
time wi-Gh a s c i c i i t i i ’ i c  group represeriLing a d i s c i p l i n e  t h a t  
had not  been a s soc ia t ed  wi th  space f l i g h t  p r o j e c t s  before .  A 
s p a c e c r a f t  mock-up was developed w i t h  models of  all t h e  ex- 
per imenta l  hardware i n  t h e i r  p l a c e s  t o  assure tha t  no i n t e r -  
f a c e  problems ex i s t ed .  To al.1 appearances, t h e  spacec ra f t  de- 
s i g n  at that time represented  an  i n t e g r a t e d  whole. Seven months 
l a te r ,  a f t e r  t h e  experimenters and engineers  respons ib le  f o r  t h e  
var ious  systems and subsystems had b u i l t  prototype hardware and 
the  f i n a l  spacec ra f t  s t r u c t u r e  had been b u i l t ,  t h e  new pro to-  
type  was assembled. We discovered that t h e  p r i n c i p a l  sc ien-  
t i f i c  experiment for t h i s  f l i g h t  could not  be c a r r i e d  out i n  
t h i s  conf igura t ion ;  a spacec ra f t  s t r i l c t u r a l  member was i n t e r -  
posed between the two c r i t i c a l  elements of t h e  experiment. 
Redesign, rescheduling, and new conproinises between t h e  r e -  
quirements of t h e  var ious subsystems w i l l  now permit the  pro- 
j e c t  t o  move forward. The absence of s t r i c t  conf igura t ion  con- 
trol was respons ib le  f o r  t h i s  divergence from the  i n i t i a l  p lan .  

Programming. A back-up mode i n  a launch veh ic l e  guidance 
system was u t i l i z e d  wher; t he  priniai-y mode fa i led .  The guidance 
commands forced t h e  lauxch veh ic l e  o f f  course and the  range 
safety o f f i c e r  r i g h t l y  dcstrlxcteJ the system. Subsequent i n -  
v e s t i g a t i o n  of the guidancc C O Y L : ? ~ ~ ~ ~  revealed an e r r o r  i n  pro- 
gramming. The complex euidancc dqnat io i i  had one term w i t h  the  
wrong a l g e b r a i c  sign. It IGS a simple ma t t e r  Lo reprogram t h e  
computer for t h e  next f l i g h t ,  



11 

This  l i s t  is a representa t ive ,  b u t  by no means an exten- 
s ive ,  summary of NASA experience.  From t h i s  type of experience 
we have concluded that:  

Technical  f e a s i b i l i t y  should be v e r i f i e d  before commitment 
t o  a ?light p r o j e c t ,  Oftentimes delays i n  t h e  development of 
c r i t i c a l  i t e m s  w i l l  pace a l a r g e  p r o j e c t  and cause t h e  costs t o  
inc rease  appreciably,  or the i t e m  all f a i l  i n  flight abor t ing  
a n  important mission, Both a broad advanced research  ana de- 
velopment program and phased p ro jec t  planning are a means of 
e a r l y  determinat ion of f e a s i b i l i t y .  

Design reviews m u s t  be detailed, and m u s t  be conducted 
a t  appropriate times both prior and af ter  commitment t o  f l ight 
hardware. A l l  elements of the p r o j e c t  team must be represented.  
Major changes i n  layout  should not  be made between design re- 
views withuut the approval  of the p r o j e c t  manager. I n  this  
manner the configurat ion can be made t o  s a t i s f y  the require- 
nents  of the experimenters,  spacecraf t  and launch veh ic l e  de- 
sign, and ground support  operat ions * 
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Ground t e s t i n g  should qualifSr a l l  p a r t s  and systems i n  
t h e  mace  environment. I n  a d d i t i o n ,  s p a c e c r a f t  should be - -  
t e s t e h  as r e a l i s t i c a l l y  as poss ib l e  i n  environmental chsmbers, 
and launch vehic le  s t a g e s  should be s t a t i c  t e s t e d  under sea 
l e v e l  condi t ions.  It i s  a l s o  d e s i r a b l e  to  conduct dynamic 
t e s t s  of the e n t i r e  conf igura t ion  i n  f r e e  suspension t o  deter-  
mine the  var ious bending modes. 

Mission s imulat ion i s  requi red  t o  t r a i n  the  p r o j e c t  team 
and t o  i d e n t i f y  d i f f i  c u l t i e s  i n  programming and procedure. I n  
prepara t ion  Tor manned f l i g h t s ,  a s p a c e c r a f t  s imula tor  should 
be a v a i l a b l e  f o r  the a s t ronau t s .  This s imula tor  should t r ansmi t  
and rece ive  information from the world network and mission con- 
t r o l  cen te r  i n  as r e a l i s t i c  a manner as poss ib l e  i n  o rde r  t o  
t r a i n  bo th  t h e  i ' l ight  and ground crews. Experience should be 
obtained under nominal o r  expected condi t ions ,  as well as under 
emergency condi t ions where back-up modes are requi red .  

Modifications t o  e x i s t i n g  r e l i a b l e  launch veh ic l e s  and 
s p a c e c r a f t  should be minimized and only made a f t e r  c a r e f u l  
design review and tes t .  Modif icat ions increase  c o s t  and o f t e n  
cause delays and even unexpected f a i l u r e s  t o  occur. 

Even when developing new launch veh ic l e s  and spacec ra f t  
such as Saturn and Apollo, i t  i s  p re fe rab le  t o  launch the  f i n a l  
des ign  ear ly .  I n  t h i s  so-ca l led  all-up-systerns" approach, 
experience i s  gained on a l l  components and t h e i r  i n t e r a c t i o n  as 
soon as possible .  Although t h i s  approach i s  more s u b j e c t  t o  
f a i l u r e  i n  e a r l y  f l i g h t s  than the  more conservat ive step-by- 
s t e p  approach, it i s  f e l t  that t h e r e  i s  an u l t ima te  saving i n  
c o s t  and time. 
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. It i s  my b e l i e f  t ha t  these  procedures have cont r ibu ted  t o  
the mission successes  of  the  past f e w  years .  Schedule slippages 
and c o s t  over-runs have a l s o  been reduced, bu t  a r e  s t i l l  
excessive.  A s  w e  ob ta in  more experience,  performance should 
improve through b e t t e r  understanding of these  p r i n c i p l e s  and 
through t i g h t e r  a p p l i c a t i o n  of these procedures. 

I would l i k e  now t o  t u r n  f'rom the s p e c i f i c s  o f  p r o j e c t  
management t o  a d i scuss ion  of the  groups within our s o c i e t y  that  
c a r r y  out  t h i s  e f f o r t .  It is  important t o  examine w i t h  ca re  
the  i n t e r r e l a t i o n s h i p  of the  u n i v e r s i  ty-indus try-government 
team. 



Universi,y-Industry-Government Team 

most commonly called upon i n  t h i s  ccuntry f c r  sme aspect of 
research and development. A t  the  graduate  school l e v e l ,  
u n i v e r s i t i e s  a r e  concerned with both  research  and education, 
w i t h  research providing a n  opportuni ty  t o  advance the sc i ence  
and engineer ing c u r r i c u l a .  Indus t ry  i s  best equipped t o  
design,  fabricate, and tes t  equipment, ana i n  some cases t o  
assist i n  i t s  operat ion.  When funds f o r  research  and develop- 
ment are appropr ia ted  by the  Congress,  it becomes the re- 
s p o n s i b i l i t y  of the government t o  manage the e f f o r t  and i n s u r e  
that  va lue  i s  received, whether the work i s  conducted by 
u n i v e r s i t i e s ,  indus t ry ,  governient,  o r  a combination of the 
three. Space f l i g h t  p r o j e c t s  a r e  of such a na tu re  that  a l l  
three i n s t i t u t i o n s  are u s u a l l y  involved, and hence t he i r  
r e l a t i o n s h i p s  become important t o  the success  of most p ro jec t s .  

Un ive r s i t i e s ,  indus t ry ,  and goverrment are the i n s t i t u t i o n s  

U n i v e r s i t i e s ,  Since the incept ion  of t he  Agency, w e  have 
followed th  e deliberate p o l i c y  of involving academic s c i e n t i s t s  
i n  the space program. 
for s e v e r a l  reasons.  Some of the most competent and most 
c r e a t i v e  s c i e n t i s t s  are a t  the u n i v e r s i t i e s .  Hence, w e  get 
franthem e x c i t i n g  proposals  f o r  r e sea rch  i n  space. 
the  NASA a c t  chargesus with t h e  r e s p o n s i b i l i t y  f o r  the fast and 
thorough disseminat ion of the knowledge gained i n  space research .  
The most accu ra t e  and most rapid way of spreading t h e  knowledge 
and techniques gained i n  space re sea rch  i n t o  the  c u r r i c u l a  of 
t he  u n i v e r s i t i e s  and i n t o  the  common body of n a t i o n a l  knowledge 
i s  t o  have p ro fes so r s  conducting the experiments, analyzing 
and i n t e r p r e t i n g  the data, and publ i sh ing  the resu l t s .  When 
they  are involved i n  t h e  program i n  t h i s  way, they involve 
t h e i r  graduate  s tudents ;  they describe t h e i r  experiments and 
their  resul ts  t o  their  c l a s s e s ;  they w r i t e  books; they w r i t e  
review a r t i c l e s ;  they serve  as consu l t an t s  t o  i n d u s t r i a l  
o rganiza t fons  -- i n  br ief ,  there i s  a very s h o r t ,  very  direct ,  
and very  accu ra t e  t ransmiss ion  l i n e  from the  source of new 
knowledge t o  places where it can be used. 

We have found it p r o f i t a b l e  t o  do t h i s  

Secondly, 

The first cornerstone of ou r  po l i cy  i s  t o  re ly  heav i ly  on 
the i n d i v i d u a l  s c i e n t i s t  f o r  t h e  ideas f o r  research  t o  be con- 
ducted i n  space, f o r  the  development of the  experimental  hard- 
ware, f o r  the a n a l y s i s  and i n t e r p r e t a t i o n  cf t h e  data, and 
f o r  the  pub l i ca t ion  of the results. We do not i s s u e  a reques t  
f o r  proposals  t o  s c i e n t i s t s  asking them t o  propose t o  such and 
such a task. Rather, we maintain a cont inuing dialogue w i t h  
the  s c i e n t i f i c  community through organized o f f i c i a l  channels, 



through s tud ie s  conducted by the Nat ional  Academy of Sciences,  
and through con tac t s  with ind iv idua l  s c i e n t i s t s .  From t h i s  
dialogue emerges bhe requirements f o r  p a r t i s u l a r  spacec ra f t  t o  
be flown on p a r t i c u l a r  t r a j e c t o r i e s  t o  accomplish the s c i e n t i f i c  
ob jec t ives .  We then establ ish a mission and n o t i f y  the  s c i e n t i f i c  
community of t he  opportuni ty  t o  propose experiments t o  be per -  
forme6 on t h e  spacecraf t .  

What w e  i n  NASA "buy", I want t o  emphasize, are complete 
proposals  by a s c i e n t i s t  t o  accomplish a piece of s c i e n t i f i c  
r e sea rch  and t o  publ i sh  the  r e s u l t s  from i t ,  and n o t  p i e c e s  
of hardware t o  be in t eg ra t ed  i n t o  a spacec ra f t .  The proposal 
con ta ins  an estimate of the  amount of data a n a l y s i s  t h a t  w i l l  
be required,  and the  s c i e n t i s t  agrees t o  accept  r e s p o n s i b i l i t y  
t o  analyze,  i n t e r p r e t ,  and publ i sh  t h e  r e su l t s  f r o n  h i s  experiment. 

After  approval of h i s  experiment, the s c i e n t i s t  becomes 
a par t  of a p ro jec t  team respons ib le  f o r  t he  over -a l l  success  
of t h e  mission; a p r o j e c t  s c i e n t i s t  i s  normally a p r a c t i c i n g  
space s c i e n t i s t  who understands both t h e  engineer ing and 
s c i e n t i f i c  problems. The p r o j e c t  team i s  respons ib le  f o r  
t h e  d e s i g n  and development of the spacec ra f t  and f o r  the  
i n t e g r a t i o n  of t h e  experiments i n t o  the  spacec ra f t .  The ex- 
perimenter i s  respons ib le  f o r  t h e  design, development and 
d e l i v e r y  of  t h e  f l i g h t  hardware f o r  h i s  experiment. This  i s  
an area i n  which w e  have had many ques t ions  and have encountered 
a c e r t a i n  amount of r e s i s t a n c e  from s c i e n t i s t s  who have not  
p a r t i c i p a t e d  i n  space research  before .  These people ques t ion  
t h e  need f o r  t h e i r  going through the lengthy and d i f f i c u l t  
t ask  of developing t h e i r  own f l i g h t  hardware. They argue tha t  
NASA should do t h i s  f o r  them and then g ive  them the data a f t e r  
t h e  @acecraf t  i s  launched. We have found t h a t  we do not have 
good r e su l t s  of w e  work t h i s  way. The s c i e n t i s t  must, be in -  
volved to see t h a t  the proper c a l i b r a t i o n s  and thsts  are  made, 
t h e  proper design i s  followed, the proper components are used -- 
otherwise,  w e  f i n d  tha t ,  while  w e  can produce a b e a u t i f u l  piece 
of hardware without involvement by the experimenter, when the 
data comes back, t h e  experimenter may not be able t o  understand 
o r  i n t e r p r e t  i t .  He should be i n t i m a t e l y  involved i n  t h e  ex- 
periment and he ld  respons ib le  for i t s  performance. 

The presenta t ion  of t h e  r e s u l t s  from an  experiment and 
t h e i r  incorpora t ion  i n t o  the c u r r i c u l a  and genera l  fund of 
knowledge v a r i e s  some from mission t o  mission, but  gene ra l ly  
f o l l o w s  t h e  following p a t t e r n .  The f i r s t  r e su l t s  are  u s u a l l y  
presented a t  symposic or s c i e n t i f i c  meetings about s i x  months 
a f t e r  launch,and the  f i n a l  d e f i n i t i v e  publ icaf ions  appear two 
t o  three years a f t e r  launch. 
i n t o  review a r t i c l e s ,  books, and handbooks r equ i r e s  th ree  t o  
f i v e  years. If there  i s  a need f o r  p a r t i c u l a r  data o r  great 
i n t e r e s t  i n  i t ,  a l l  of these times may be d r a s t i c a l l y  shortened. 
We needed data from Mariner IV on t h e  Martian atqosphere as 

Incorporat ion of the  r e s u l t s  



soon as  poss ib le .  EJlariner I V  was occul ted by Nars i n  August 
1966, and w e  were using the new i n f o r m t i o n  on t h e  Martian 
atmosphere t o  aid i n  the planning f o r  Voyager i n  l a t e  September. 

i n  summary, w e  have a workfi-ig hypothesis t ha t  bcth the acadernic 
community and t n e  government der ive  new s t r e n g t h  from the complex 
i n t e r r e l a t i o n s h i p s  of p r o j e c t  e f f o r t ;  w e  are cont inuing t o  t es t  
t h i s  hypothes is  and t o  experiment w i t h  v a r i a t i o n s  and a l t e r n a t e s .  

I n d u s t r  We have a s i m i l a r  working hypothesis  concerning 
the PO T-T+ e o ndus t ry  i n  the space program. A d e l i c a t e  and ever- 
changing balance must  be drawn i n  the execut ion of any p r o j e c t  
between the a u t h o r i t y  and r e s p o n s i b i l i t y  of t he  government 
p r o j e c t  manager a n d b a t  delegated through a c e n t r a c t u a l  i n -  
strument t o  t h e  i n d u s t r i a l  par tner .  In  research  and develop- 
ment, the  buye r - se l l e r  r e l a t i o n s h i p  between government and 
Indus t ry  i s  evolving toward new and cooperat ive arrangements 
t ha t  have become necessary t o  take full advantage of the  t o t a l  
s t r e n g t h  represented by the i n d u s t r i a l  competence of t he  nat ion.  

innovat ions  are being t r i e d  a t  t h i s  t i m e ;  of these, the i n c e n t i v e  
c o n t r a c t  appears  wel l - su i ted  t o  our concept of the research  and 
development p ro jec t .  

The concept of an incen t ive  c o n t r a c t  i s  r e l a t i v e l y  simple; 
i t s  reduct ion  t o  practice i s  considerably more complicated. 
I d e a l l y ,  the incen t ive  con t r ac t  r e p r e s e n t s  an arrangement be- 
tween the  government and an  i n d u s t r i a l  p a r t n e r  that  rewards 
the  c o n t r a c t o r  for s u p e r i o r  performance but  pena l i zes  h i m  f o r  
inadequate  performance. S i n c e - t h e  research  and development 
p r o j e c t  i s  e s s e n t i a l l y  an  a t t e m p t  t o  so lve  unknown problems, 
it becomes d i f f i c u l t  t o  e s t a b l i s h  a f a i r  aedian  from which t o  
measure the q u a l i t y  of performance as w e l l  as t h e  source of 
r e s p o n s i b i l i t y  f o r  t h a t  performance. There are no s imple answers 
here. Each new p r o j e c t  r ep resen t s  a whole new chal lenge t o  t h e  
a d m i n i s t r a t o r s  who are charged w i t h  organizing the procurement 
p a t t e r n t h a t  w i l l  support  it. Indeed, there are as many incen t ive  
s t r u c t u r e s  as there are development p r o j e c t s ,  and both i ndus t ry  
and government are learning the va lues  and l i m i t a t i o n s  of these 
approaches. 
is that  no meaningful i ncen t ive  con t r ac t  can be a r r i v e d  a t  u n t i l  
ve ry  c l e a r  and p r e c i s e  understandings as  t o  the ob jec t ives  of 
the ass igned  t a s k  have been reached. 
discussed ear l ier  becomes an important t c o l  i n  narrowing the 
area f o r  rnisunderstanding of this aspec t  of the p r o j e c t .  I n  
t u rn ,  w i t h  c l e a r  ob jec t ives ,  t he re  m u s t  be a s p e c i f i c  de lega t ion  
of p r o j e c t  r e s p o n s i b i l i t y  by  the government GO the  c o n t r a c t o r  
and an equiva len t  commitment by the c o n t r a c t o r  t o  meet these 
r e s p o n s i b i l i t i e s .  

NASA's commitment t o  t h i s  approach is  dramat ica l ly  emphasized 
i n  Figure 7. 
i n d u s t r y  worth about $100,000* by the end of t h i s  year, w e  w i l l  
have considerably more than  $~,OOO,OOO,OOO worth of e f f o r t  managed 

; . ~ ~ L L , Y  K - m - r  UL 2 4  f fn.nan .L+L.\rLht approaches have been t r i e d  i n  t h e  past and many 

The fundamental l esson  that  both par t ies  have learned  

The phased p r o j e c t  approach 

Five  yea r s  ago, w e  had one i n c e n t i v e  c o n t r a c t  w i t h  



under an  incent ive  formula. 

poss ib l e ,  we do not  in tend  t o  do so where such con t r ac t  forms 
are  i l l - s u i t e d  t o  the job a t  hand. Fur ther ,  w e  do not in tend  
t o  use  a form of incen t ive  con t r ac t  which p l aces  a d i sp ropor t iona te  
share  of the r e s p o n s i b i l i t y  upon the  con t r ac to r .  Mistakes 
have been made, both by the government and by indus t ry .  However, 
w e  are working t o  achieve a balance of governmental and p r i v a t e  
r e s p o n s i b i l i t y  which a s s u r e s  that  a l l  who p a r t i c i p a t e  i n  the 
space program have an oppor tuni ty  t o  de r ive  r e t u r n s  commensurate 
w i t h  the  e f f ec t iveness  of t h e i r  e f f o r t s .  

While we d e s i r e  t o  w r i t e  i ncen t ive  c o n t r a c t s  wherever 

Our own e f f o r t s  t o  v a l i d a t e  the use  arid e f f e c t i v e n e s s  of 
i ncen t ive  c o n t r a c t s  w i t h  r e spec t  t o  research  and development 
have given u s  g r e a t e r  i n s i g h t  i n t o  t h e  b e n e f i t s  t o  be der ived 
from incen t ive  c o n t r a c t s  and the problem areas which they  
present .  Incent ive  c o n t r a c t s  do r e s u l t  i n  h igher  management 
a t t e n t i o n ,  i nc rease  c o s t  consciousness on t h e  par t  of the 
con t r ac to r ,  promote c l e a r e r  d e f i n i t i o n  of requirements and 
b e t t e r  communication and understanding among a l l  t hose  involved 
w i t h  t h e  p r o j e c t ,  On the  o t h e r  hand, nego t i a t ion  of i ncen t ive  
c o n t r a c t s  f o r  research  and development work r e q u i r e s  deeper 
p a r t i c i p a t i o n  of engineers  and s c i e n t i s t s  t o  a s s u r e  t ha t  r e a l i s t i c  
t e c h n i c a l  ob jec t ives  are established and that incen t ive  provis ions  
are drawn i n  a manner which w i l l  motivate t h e  at ta inment  of those  
objec t ives .  However, w e  f e e l  t h a t  t h e  a p p l i c a t i o n  of s c i e n t i f i c  
and engineering time a t  the  o u t s e t  of a procurement makes f o r  
a be t te r  end product.  

A s  we proceed with our con t r ac t ing  e f f o r t s ,  w e  w i l l  
cont inue t o  study t h e  e f f e c t i v e n e s s  of i ncen t ive  con t r ac t ing .  
We w i l l  l e a r n  both from o u r  successes and from our mistakes. 
And w e  w i l l  continue t o  seek the  b e s t  ideas ,  t h e  most dar ing  
concepts,  as w e  develop the means f o r  accomplishing our  ass igned 
missions wi th  t h e  greatest r e t u r n s  t o  t h e  e n t i r e  s o c i e t y  that  
w e  serve.  



Orgmizat iof i  Ifi c ~ n c l ~ c i i f i g  +,he d l scuss i cn  of the lA.?iTJersity- 
industry-government team, I would l i k e  t o  emphasize t h e  impor- 
tance  of the ind iv idua l ,  and the r e s u l t i n g  lmportaiice of t he  
i'raiunework I n  which he operates .  The pros  a d  cons o f  p r o j e c t  
arid func t l o n a l  organiza t ions  have been debated ex tensfve ly  by 

exis ts  in t h e  pure state. A l l  f a c i l i t i e s ,  personnel, wid con- 
trols are never the sole r e s p o n s i b i l i t y  of the p r o j e c t  manager, 
nor has one man with no staff  ever d i r e c t e d  a large pi-cject ir! 
a mat r ix  o i>gmiza t ioa  . 

el.. u r e i r  acihereilts f o r  iiizilji yeaiis. Ad i i i i tLd ly ,  rieither type 

Haviag observed over loci space projecf,s, I b e l i e v e  i t  i s  
ii iescapable t h a t  pro jec t -or ien ted  organiza t ions  s h o d d  be 
favored when managing these p r o j e c t s  i n  both government and 
iLxhs'rJray. 
all i n d i v i d u a l  de r ives  more s a t i s f a c t i o n  and f ee l s  more s e c u r i t y  
worlcii1.g w i t h i r i  a d i sc ip l ine -o r i en ted  group. I agree, i f  the ob- 
j e c t i v e  i s  p r imar i ly  r e sea rch  or advanced development, but i n  
p r o j e c t  work the r,iul'iidiscipliilar3. -Lies must  be s t rengthened 
or.Zaliizational.1) and the  d i s c i p l i n a r y  t i e s  must be inhe ren t  i n  
the c a p a b i l i t y  of t he  ind iv idua l .  E;-@neE:rs, s c i e n t i s t s ,  and 
achnili istrators m:st b e  c l o s e l y  co~~ , l i ed  day-to-daor i n  a s?~ccess -  
I rd l  p i*oject  groop. Bepor'cs, s p e c i f i c a t i o n s  and other inf'oma- 
t i o c i  are e s s e n t i a l  bxit i n  add i t ion  sc ience  engi,ieeising, and 
a d m i d s t r a t i o n  can only be s a t i s f a c , o i 7 i l y  inarried '07 the c lose  
comiunication and r e spec t  of' i nd iv idua l s  leaving t h e i r  var ious 
backgrounds and working within the  framework of an  e f f e c t i v e  
p r o j e c t  team. Consulting, s p e c i a l  assignments, and def inable  
tasks can be conducted by supporting l a b o r a t o r i e s ,  but t h e  de- 
c i s i o n s  must be made by a project team naving a full urider- 
s tanding  of a l l  s i g n i f i c a n t  d i s c i p l i n e s .  

The advocates of i 'unctional organiza t ion  ar,ue that 

Fur the r  proof of the value of the i n d i v i d u a l  as a data 
storer and communicator can be -*'ound i n  a comparison of Mercury 
and Gemini launch opera t ions  . Idercury capsules  were "bought 
off'' a t  t h e  McDonnell p l a n t  after ex tens ive  t e s t i n g ,  shipped t o  
Cape Kennedy, s t r i p p e d  down, inspected, reassembled, retested, 
mated and launched successfu l ly .  The effort a t  the  Cape was 
time-consuming b u t  served t o  assure t he  launch crew t h a t  they  
understood fully t h e  readiness  s t a t u s  of the  spacecraf t .  I n  
t h e  case oi' Gemilii, t h e  launch crew p a r t i c i p a t e s  in t h e  t e s t i n g  
or' G e m i n i  a t  the DlcDormell p l a n t ;  then, a f te r  "by-off",  both 
the  I4cDoririell and government personnel proceed to the Cape. Ex- 
per ience  has shown t h a t  $ h i s  mobil i ty  of persoiiriel provides  the 
c ont i i i u i t y  necessary t o  reduce s u b s t a n t i a l l y  p repa ra t ion  t i m e  
f o r  launching a t  Cape Kennedy with no commensurate reduct ion  i n  
re l iab i l i ty .  
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h t u r e  Direct ions 

A few yea r s  back when atomic energy, automation, and com- 
p u t e r s  had made a s o r t  of cumulative impact on the gene ra l  con- 
sciousness  of soc ie ty ,  t h e r e  was a cyn ica l  s t o r y  making t h e  
rounds. All of the s c i e n t i s t s  of t h e  world met a t  an i n t e r -  
n a t i o n a l  conference and decided t o  b u i l d  a super  computer t ha t  
would use a l l  of t h e  resources  and knowlcdge at t h e i r  d i sposa l .  
When t h e  computer was f i n a l l y  f i n i s h e d  they pondered on what 
the f i r s t  ques t ion  put  t o  i t  should be, aiid they decided on, 
"1s t h e r e  a God?" 
machine, whereupon it whirred and f l a shed  and gave the answer, 
"There i s  now. ' I  

The ques t ion  was coded and fed  i n t o  the 

I t e l l  t h i s  s t o r y  t o  emphasize what I b e l i e v e  t o  be t r u e .  
There i s  both promise and warning i n  t he  f u t u r e .  The promise 
l i e s  i r i  marifs apparent a b i l i t y  t o  f i n d  ways t o  do almost what- 
ever  he wills arid t o  marshal h i s  resour'ces, h i s  ingenui ty ,  aiid 
h i s  i n t e l l e c t  t o  t h e s e  ends. The warning l i e s  i n  the  danger 
t ha t  the a b i l i t y  t o  eva lua te  these  ends may not  be growing as 
rap id ly ,  i f  a t  a l l .  I f  we have learned t o  marry t h e  d i s c i p l i n e s  
of science,  engineeririg, arid adminis t ra t ion ,  have we learned  t o  
establish v a l i d  goals f o r  t h e i r  p u r s u i t .  

We can see  many g r e a t  huinari needs. A s  we look a b o u t  t hc  
world, we f i n d  poverty,  hunger, and lawlessness .  We f i n d  ever  i n -  
c reas ing  populat ions serv ing  t o  s t i l l  f u r t h e r  compound these 
needs. We r i n d  c i t i e s  g r a d u a l l y  su f foca t ing  wi th  p o l l u t e d  a i r ,  
and s t r a n g l i n g  under increased  automotive and a i r c r a f t  t r a f f i c .  
O u t s i d e  the c i t i e s  we f i n d  our  f r e s h  waters growing f o u l  and 
our n a t u r a l  resources  diminishing. We can draw an analogy t o  
our manned spacec ra f t ,  w i th  t h e i r  l i m i t e d  expendables of power. 
and water, and t h e i r  environmental c o n t r o l  systems i n  d e l i c a t e  
balance.  'de a r e  s t a r t i n g  t o  o u t s t r i p  the  c a p a b i l i t y  of our 
t e r r e s t r i a l  spacec ra f t  which, i f  we a r e  c a r e l e s s ,  can become 
uninhabi tab le .  

The r e a l  achievement i n  space has been t h e  development of 
a new d imens ion  of riatiorial power. That power r e s i d e s  i n  t h e  
minds of men who have both confidence and knowledge, f o r  whom 
t h e  word "impossible" does not pose a s e r i o u s  barr ier .  Many 
b a s i c  human neecls can be s a t i s f i e d  d i r e c t l y ,  a t  least  i n  part, 
by aeronaut ics  and space a c t i v i t y .  Travel,  communications, 
and weather fo recas t ing  a r e  a l l  important i n g r e d i e n t s  of a 
v i a b l e  p l a n e t .  Other p o s s i b i l i t i e s  we see  less c l e a r l y  today, 
b u t  t h e r e  is the  promise of impi-oved understanding of ocean- 
ography and ,yeololl;y, be t te i?  husbanding oi' n a t u r a l  resources ,  
and i l l t i n a t e  con t ro l  of t he  atmosplzere through understanding 
developed from fu r the r  space explora t ion .  
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O f  course, much e f f o r t  must be expended on Don-space 
activities, but  h e r e  it may t u r n  out  that our  management ex- 
pe r i ence  and our docmen ta t ion  c e n t e r s  conta in ing  ex tens ive  
s c i e n t i f i c  and technologica l  information w i l l  be of longer 
l a s t i n g  importance even than o u r  space f l igh t  missions.  

But why then  a l s o  continue t o  look outward away f r o m  t h e  
earth i n  our space explora t ion?  We can b e t t e r  understand the 
universe  and consequently ourse lves  by  i n v e s t i g a t i n g  the moon, 
p l a n e t s ,  sun, and stars. Our sun has a d i r e c t  impact on con- 
d i t i o x  here om earth i n  ways we can be t te r  p o s t u l a t e  as a re- 
s u l t  of the space program, but do not yet fully understand. 
The moon, w i t h  no atmosphere, is  a t r e a s u r e  ches t  of artifacts 
that Ihave been c o l l e c t e d  f o r  eons of time. The p l a n e t s  have 
atmospheres and, %4iough markedly dif'f  e r e n t  from our own, w i l l  
g i v e  LIS g r e a t e r  i n s i g h t  i n t o  the physics  of o m  plane t .  The 
stars, althcugfi pr=SabULy not  d i r e c t l y  affectiag '2s i n  our life- 
time, provide a magnificent l abora to ry  t o  b e t t e r  understand 
the mechanics of the universe  that i n  t u r n  may s t i m u l a t e  our 
th inking  and genera te  new concepts u s e f u l  t o  ma-rlkind. 

I b e l i e v e  t n e  t r u e  challenge before  u s  is no longer  how 
t o  cope with our environ?ieat--although the problems and bar- 
riers are great, they  can be overcome-but how t o  cope with 
ourse lves .  The ques t ion  is one of nunan w i l l .  I b e l i e v e  man 
w i l l  r i se  to the challenge, b u t  this cannot be assured. 
P res iden t  Kennedy expressed t h i s  vlew on October 22, 1963, a t  
the anniversary  convocation of the National Academy of Sciences:  

. . . If s c i e n t i f i c  discovery has not  been an unalloyed I I  

bless ing ,  i f  i t  has conferred on mankind the power n o t  only t o  
c rea t e ,  bu t  a l so  t o  ann ih i l a t e ,  i t  has a t  the same time pro- 
vided humanity with a supreme chal lenge and a supreme testing. 
If the chal lenge and the t e s t i n g  are t o o  much for humanity, 
then w e  are doomed. But  I believe that the f u t u r e  can be 
b r i g h t ,  and I be l i eve  the power of sc i ence  and the responsi-  
b i l i t y  of s c i ence  have of fe red  mankind a new opportuni ty  not  
only f o r  i n t e l l e c t u a l  growth, bu t  f o r  moral d i s c i p l i n e ;  no t  
only for the a c q u i s i t i o n  of knowledge, b u t  for the s t rengthen-  
i n g  of' ou r  nerve and o u r  will. 11 

* * * +  
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